The management of acutely dehydrated children with relapsed nephrotic syndrome (NS) can be challenging when edema and intravascular volume depletion are present simultaneously. In that condition the excess in body fluid, typically associated with NS, may be inappropriately low, with regard to albumin level, and the excess in fluid is not promptly shifted into the vascular bed because of the low plasma protein concentration. This peculiar condition exposes the child to a greater risk of acute kidney injury (AKI) particularly if albumin infusion is provided. Here in a case of dehydration in ongoing NS is described in order to highlight the danger of infusing albumin when dehydration coexists. The present case report provides a framework for discussing an unusual and preventable pathophysiological mechanism of AKI related to the inappropriate administration of albumin infusion.
Introduction
The management of acutely dehydrated children with relapsed nephrotic syndrome (NS) can pose special clinical problems and may be a therapeutic challenge for the physicians involved in the early treatment decisions. Indeed, it may seem unusual that an edematous child could require rehydration, but the paradox arises from the fact that the fluid excess in the extravascular system may be inappropriately low with respect to the level of albumin. This particular condition exposes the child to a greater risk of acute kidney injury (AKI), which is oth- erwise a rare complication of idiopathic childhood NS [1] - [6] .
The following case report describes the clinical course of a child with relapsed NS and associated dehydration, and provides a framework for discussing an unusual pathophysiological mechanism of AKI possibly related to albumin infusion.
Case Report
This 13-year-old Filipino girl with idiopathic steroid-dependent NS was admitted to our Pediatric Department because of vomiting, diarrhea, abdominal pain and oliguria. She was on steroid therapy, which had been increased two days be- An i.v. infusion of albumin 20% (300 ml/24 h) was started immediately after admission while an infusion of saline 700 ml/24 hrs was added only five hours later; because of vomiting the incoming oral fluid in the first 24 hrs was below 500 ml. On the second day, severe oliguria was present (urine output 260 ml/24 h) and the patient's weight had increased to 39.7 kg. Renal function worsened (creatinine 2.78 mg/dl), urinary protein excretion increased (uPr/uCr up to 42), and hypertension developed (156/96 mmHg).
Albumin 20% (50 ml/24 h) was continued, and the oral intake and i.v. infusion of fluids were utterly restricted (total intake 950 ml/24 h). Dopamine 2.9 mcg/kg/min, i.v. furosemide 180 mg, and spironolactone 150 mg were added.
Nevertheless, oliguria persisted and renal failure worsened (sCr 5.4 mg/dL on day 9); the girl became drowsy, and had severe headache and persistent hypertension (168/105 mmHg) requiring antihypertensive treatment (amlodipine 5 mg/24 h).
Microscopic urine examination showed severe isomorphous microhematuria and cylindruria, with a large number of tubular cells.
A renal biopsy performed at this time did not reveal any significant glomerular or vascular abnormality, but showed severe and diffuse damage of the tubular epithelium, with vacuolization, cytoplasmic protein microinclusions ( Figure   1(a) ), and the precipitation of several protein casts in the tubular lumina associated with tubular necrosis in some areas (Figure 1(b) ).
The patient underwent two hemodialysis sessions on days 9 and 10, which were followed by a progressive increase in urine output (850 ml/24 h on day 13) and improved renal function (sCr 1.63 mg/dl on day 19). NS (uPr/uCr 25) with weight gain, generalized edema and ascites persisted. On day 20, i.v. pulse methylprednisolone 20 mg/kg/day was started and continued for three consecutive days, followed by oral prednisone 30 mg/m 2 bsa daily, without response; cyclophosphamide 2 mg/kg/day was therefore added on day 30 and continued for twelve weeks, at the end of which proteinuria (>1 g/24 hours) still persisted with normal renal function. The patient's urine was protein free on day 180, only after cyclosporine (5.5 mg/kg/day) has been introduced (day 120).
Discussion
The management of dehydration in patients with NS must consider some particular pathophysiological aspects of the underlying condition, including the serum albumin concentration and the amount of proteinuria. In normal subjects, the increased oncotic pressure related to acute dehydration and the consequent increase in plasma protein concentrations shift water from the interstitial compartment to the vascular bed in proportion to the absolute increase of plasma protein concentration. In a child with NS, an equal loss of water leads to a smaller increase in absolute plasma protein concentration and in oncotic pressure. The result of this altered pathophysiology is a reduced shift of water into the vascular system regardless of the excess fluid in the extravascular system. This implies that the hemodynamic condition of patients with ongoing NS is more precarious, thus making them a lot more susceptible to AKI [1] [2] [7] [8].
It may seem paradoxical to consider a child with edema and 1.5 kg of esti-mated water excess (baseline weight was 37 kg) as being dehydrated. However, in our opinion, this overweight was disproportionately low with respect to the relatively low protein level (37 g/L) and the high amount of proteinuria (uPr/uCr 14.3). [16] , in the dehydration and antidiuresis condition, a massive infusion of albumin may induce a very high tubular protein concentration, with tubular clogging and precipitation of protein casts in the tubules. This process may also be favored if acidosis and aciduria coexist as commonly observed in dehydrated children [17] .
In our case, renal histology showed severe and diffuse tubular epithelial damage, likely attributable to the generous albumin infusion, without appropriate water administration, in the first hours after the patient hospitalization.
In conclusion, we suggest using albumin infusion with caution in dehydrated patients with relapsing NS; a more rational approach is perhaps to simply administer a saline solution, followed by albumin infusion only in case of severe generalized edema, but never the other way around.
